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ABSTRACT 
Environmental fallows are fields that aim to produce environmental benefits 
instead of agricultural products. In many European countries, the 
establishment and management of fallows is funded via agri-environmental 
programmes. This thesis focuses on the biodiversity benefits of 
environmental fallows in boreal farmland. I examined the impacts of different 
fallow types and landscape structure on the diversity and species 
composition of multiple taxa in fallows. I also aimed to evaluate what fallow 
types, and in what landscape context, are needed to contribute to different 
biodiversity objectives: the promotion of conservation concern species, 
overall species diversity or ecosystem services.  
In the first paper (I), I described vegetation types developed under the 
Finnish environmental fallow scheme based on an extensive survey of three 
agricultural regions. The studied fallow types included perennial types of 
meadow fallow and long-term grassland fallow, and annual types of game 
and landscape fields. The second (II) and third (III) papers were based on a 
quasi-experiment, where the occurrence of plants, butterflies, bumblebees 
and birds was studied in short-term meadow fallows and long-term 
grassland fallows located in four landscape types with varying forest and 
perennial grassland cover. First, I examined how the fallow and landscape 
types affected species richness and abundance in the four species groups 
(II). Next I focused on the species composition of butterflies and bumblebees 
(III). In particular, I studied the impacts of fallow type and landscape on 
species with narrow niches and low dispersal capacities, which are most 
vulnerable to environmental changes (III). 
Species richness and composition of the studied species groups 
differed substantially between fallow types, and landscape context further 
modified the value of fallows. Meadow fallows established with low 
competitive meadow seed mixtures supported high plant species richness 
(I) and bumblebee abundance (II), reflecting good availability of floral 
resources. Grassland fallow vegetation varied substantially, but often 
resembled other farmland biotopes such as field margins or cultivated 
grasslands (I). In contrast, annual fallow types differed considerably from 
perennial fallows and other non-crop biotopes, thus enhancing landscape 
heterogeneity (I). High forest cover in the surrounding landscape increased 
plant species richness in perennial fallows (II). Long-term grassland fallows 
benefitted both butterflies in general (II), and butterflies and bumblebees with 
narrow niches and low dispersal capacities (III). The positive impacts were 
emphasized when long-term fallows were located in complex landscapes 
with high forest and perennial grassland cover (II, III). Birds used both short-
term meadow fallows and long-term grassland fallows depending on the 
landscape context (II). The breeding density of open farmland birds was 
highest in short-term meadow fallows in landscapes rich in perennial 
grasslands (II). Foraging edge birds preferred short-term meadow fallows in 
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open landscapes and long-term grassland fallows in forested landscapes 
(II).  
My results show that the biodiversity benefits of fallows can be 
enhanced by adapting fallows to the landscape context and to specific 
conservation objectives. If the objective is to support species of conservation 
concern, managing long-term fallows in complex landscapes rich in 
perennial grasslands is probably the best strategy. Overall biodiversity can 
also be enhanced in short-term fallows, especially if they are sown with 
diverse seed mixtures of species that are not too competitive in field 
conditions. Depending on the sown species, short-term fallows provide good 
possibilities to enhance landscape heterogeneity and promote ecosystem 
services. I also argue that defining landscape context on the grounds of the 
total coverage of semi-natural habitats is too simplistic when studying the 
landscape-moderated impacts of agri-environment schemes in boreal 
agricultural landscapes. Future studies should consider the specific roles of 
forest and perennial grasslands in driving the effectiveness of the schemes. 
In addition, the impacts of agri-environment schemes, including fallows, on 
realized ecosystem services should be investigated.  
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1 INTRODUCTION 
1.1 COUNTERACTING BIODIVERSITY LOSS ON 
EUROPEAN FARMLAND 
Agricultural intensification and concurrent abandonment of marginal land are 
the major threats to biodiversity on European farmland (Stoate et al. 2009). 
Biodiversity decline is related to the loss of ecological heterogeneity at 
multiple spatial and temporal scales, resulting from high-input farming 
practices, specialization in production lines and reduction of non-crop areas 
(Benton et al. 2003, Billeter et al. 2008, Kleijn et al. 2009). Extensively 
managed semi-natural grasslands harbour particularly high species richness 
of multiple species groups (Billeter et al. 2008, Hendrickx et al. 2007, Kivinen 
2005, Pykälä 2000). These habitats have drastically declined over the last 
century through agricultural intensification and abandonment (Eriksson et al. 
2002, Stoate et al. 2009). 
Deleterious effects of agricultural intensification have been reported 
for several taxa, including plants (Baessler & Klotz 2006, Cousins et al. 
2007, Hyvönen et al. 2003), invertebrates (Hendrickx et al. 2007, Potts et al. 
2010) and birds (Donald et al. 2006, Guerrero et al. 2012). Besides its 
intrinsic value, biodiversity provides ecosystem services, such as pollination, 
pest control, decomposition and nutrient cycling, which are essential to 
human welfare. For instance, pollination by wild insects substantially 
contributes to global crop yields and human nutrition (Eilers et al. 2011, 
Garibaldi et al. 2013, Klein et al. 2007). Furthermore, ecosystem services 
reduce dependency on external inputs (Bommarco et al. 2013, Power 2010). 
Recent research has highlighted the need for ecological intensification in 
agriculture, which integrates the management of ecosystem services into 
crop production systems to increase yield levels and stability, while 
minimizing negative impacts on ecosystems (Bommarco et al. 2013, 
Deguines et al. 2014, Doré et al. 2011, Tittonell 2014).  
Agri-environment schemes (AES) are the main tool for biodiversity 
conservation in agroecosystems in the European Union (EU). The schemes 
aim to enhance wildlife by restricting farming intensity, encouraging farmers 
to maintain low-input farming practices or promoting the maintenance and 
establishment of landscape elements such as wildflower strips, fallows and 
wetlands. Specific schemes are also targeted at providing resources for 
endangered species. However, despite the major public investments in AES, 
farmland biodiversity has continued to decline (Kleijn et al. 2011, Stoate et 
al. 2009, Whittingham 2011). Extensive research on AES during the last 15 
years has revealed that the biodiversity effects of the schemes are mixed, 
and vary, for example, depending on the target species group, type of the 
measure, landscape context and guidance provided for farmers (Batáry et 
al. 2011, 2015, Concepción et al., 2012, Kleijn et al. 2011, Scheper et al. 
2013, Whittingham 2011).   
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1.2 DESIGNING EFFECTIVE CONSERVATION 
MEASURES 
In recent years, a growing body of literature has examined the key 
determinants concerning the effectiveness of biodiversity conservation 
measures on farmland. Several studies have pointed out that AES targeted 
at biodiversity should be adapted to the landscapes and farming systems of 
the regions where they are implemented (Batáry et al. 2011, Concepción et 
al. 2012, Kleijn et al. 2011, Scheper et al. 2013). According to the conceptual 
model of Kleijn et al. (2011), the biodiversity effects of conservation 
initiatives are a function of conservation-induced ecological contrast, land-
use intensity and landscape context. Ecological contrast, created through 
reduction in land-use intensity, is the extent to which agri-environmental 
management improves resource availability for the target species relative to 
conventional management. Landscape context determines how species are 
able to respond to this ecological contrast. The impacts of AES on 
biodiversity are usually more pronounced in structurally simple landscapes 
(1–20% semi-natural habitat) than in cleared (<1% semi-natural habitat) or 
complex landscapes (>20% semi-natural habitat) (Batáry et al. 2011, 
Concepción et al. 2012, Kleijn et al. 2011, Tscharntke et al. 2005). The 
pattern results from the fact that cleared landscapes lack potential 
colonizers, whereas the impact of AES may not be recognizable in complex 
landscapes, because the colonization of wild species from semi-natural 
habitats allows for high diversity also in conventionally managed sites 
(Tscharntke et al. 2005). 
So far, much of our understanding of the landscape-moderated 
impacts of AES is based on studies from Western and Central Europe. 
These areas differ substantially from boreal agricultural landscapes 
characterized by landscape mosaics of forest and fields. Although forest 
matrix have been reported to enhance the diversity of diurnal Lepidoptera 
and plants in grasslands (Kivinen et al. 2006, Kuussaari et al. 2007, 
Öckinger et al. 2012a, b), more information is still needed concerning the 
role of forests in moderating AES effectiveness. Furthermore, special 
characteristics of agricultural land-use in Northern Europe may modify the 
impacts of AES. For instance, crop production in Scandinavia is 
characterized by the production of spring-sown cereals, whereas autumn-
sown cereals dominate in Western and Central Europe. The differences in 
cropping systems are likely to affect the extent of conservation-induced 
ecological contrast and its temporal variation. 
Effective biodiversity conservation also requires clearly defined 
conservation objectives. Kleijn et al. (2011) distinguish two main types of 
objectives: conservation initiatives addressing the intrinsic value of 
biodiversity and those focusing on functional biodiversity. The former aim to 
conserve either all possible species, or declining or endangered species, 
whereas the latter promote species that provide specific ecosystem services 
such as crop pollination (Carvell et al. 2007, Wratten et al. 2012) or pest 
control (Fiedler et al. 2008, Ramsden et al. 2015). Although AES targeted at 
particular conservation objectives usually also provide secondary benefits 
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for biodiversity, designing multi-purpose measures is rarely possible without 
trade-offs between different objectives (Bullock et al. 2011, Fiedler et al. 
2008, Macfadyen et al. 2012, Wratten et al. 2012). In general, conservation 
efforts with intrinsic biodiversity objectives are most effective in complex 
landscapes where biodiversity is still high and rare species occur, whereas 
the largest benefits from the initiatives targeted at functional biodiversity can 
be expected in simple landscapes (Kleijn et al. 2011, Korpela et al. 2013, 
Tscharntke et al. 2005).   
Furthermore, recent studies have emphasized the importance of 
suitable biodiversity indicators when assessing the impacts of conservation 
measures on farmland (Filippi-Codaccioni et al. 2010, Kleijn et al. 2011). The 
question has arisen whether studies focusing exclusively on species 
richness and abundance have given too optimistic messages concerning 
biodiversity status and fate (Filippi-Codaccioni et al. 2010). To draw reliable 
conclusions on AES impacts, attention should also be paid to community 
composition and species traits (Filippi-Codaccioni et al. 2010, Gámez-Virués 
et al. 2015). Consideration of community composition enables the detection 
of biotic homogenization, an important facet of biodiversity loss (Bühler & 
Roth 2011, Ekroos et al. 2010). Community composition at a particular site 
is shaped by environmental conditions that act as filters of species traits 
(Gámez-Virués et al. 2015, Marteinsdóttir & Eriksson 2014). To pass through 
these filters and join the community, species have to possess appropriate 
traits. Species traits can be used to predict species’ contributions to 
ecosystem services and tolerance to environmental changes (Díaz et al. 
2013, Filippi-Codaccioni et al. 2010).  For example, while AES often promote 
common farmland species, they appear to be inefficient in protecting habitat 
specialists and poor dispersers that are most vulnerable to habitat loss and 
fragmentation (Ekroos et al. 2010, Haaland et al. 2010, Korpela et al. 2013). 
It is also noteworthy that local species enhancement through conservation 
measures is a poor indicator of population-level response, because 
ecological processes such as source-sink dynamics obscure the effect 
(Kleijn et al. 2011). However, so far few studies have related the impacts of 
AES to large-scale biodiversity trends (Kleijn et al. 2011). 
1.3 FALLOWS IN BIODIVERSITY CONSERVATION 
The introduction of fallow land in intensively-managed agricultural areas is 
a potential measure to enhance farmland biodiversity (Stoate et al. 2009, 
Van Buskirk & Willi 2004). Appropriately managed and sited fallows also 
deliver other environmental benefits such as a reduction in nutrient losses 
(Stoate et al. 2009), mitigation of greenhouse gas emissions (Smith et al. 
2008) and landscape amenity (Odgaard et al. 2013). Temporarily setting a 
section of farmland aside of production has traditionally played an important 
role in rebuilding soil fertility and controlling pests and weeds. In the EU, 
compulsory set-asides were part of the Common Agricultural Policy (CAP) 
in 1992–2008. Originally intended to reduce production surpluses, set-
asides became a tool for conserving farmland biodiversity (Van Buskirk & 
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Willi 2004). However, increases in agricultural commodity prices led to the 
abolition of the set-aside scheme in 2008. 
The introduction and management of fallows is currently funded via 
voluntary AES in several European countries (Keenleyside et al. 2011, 
Scheper et al. 2013). Establishment methods and seed mixtures vary 
between the schemes. Fallows can be established on patches or strips of 
arable land through natural regeneration or by sowing. Seed mixtures 
usually contain grasses or wildflowers alone or in combination (Haaland et 
al. 2011, Keenleyside et al. 2011). Additionally, some fallows mostly contain 
legumes to promote pollinators or birds (Keenleyside et al. 2011, Pywell et 
al. 2011). Fallows can be rotational, i.e. in a different place every year, or 
long-term, retained in the same place for several years or even decades. 
The management of perennial fallows also varies, mowing being the most 
common management method.  
As regards to the biodiversity impacts of fallows, the determinants of 
local habitat quality have been rather extensively studied. They include local 
environmental factors such as soil type and fertility (Boatman et al. 2011, 
Hansson & Fogelfors 1998), seed mixture (Alanen et al. 2011, Haaland et 
al. 2011, Kuussaari et al. 2011, Tscharntke et al. 2011), establishment and 
management methods (Boatman et al. 2011, Haaland et al. 2011, 
Tscharntke et al. 2011) and successional age of fallows (Alanen et al. 2011, 
Firbank et al. 2003, Frank et al. 2009, Hyvönen & Huusela-Veistola 2011, 
Tscharntke et al. 2011). Species responses to specific fallow features vary, 
but some general patterns have emerged: the species richness and 
population densities of relatively sedentary species groups, such as 
butterflies, moths and predatory arthropods, appear to increase with the 
successional age of the fallow (Alanen et al. 2011, Denys & Tscharntke 
2002, Frank et al. 2009, Kuussaari et al. 2011). In contrast, bumblebees and 
birds can also be promoted through short-term fallows, assuming that food 
and nesting sites are available (Firbank et al. 2003, Henderson et al. 2000, 
Kuussaari et al. 2011, Steffan-Dewenter & Tscharntke 2001, Tscharntke et 
al. 2011). In short-term fallows, target organisms can be efficiently supported 
by sowing a seed mixture that provides specific plant resources such as 
nectar and pollen (Pywell et al. 2011, Ramsden et al. 2015). 
So far, few studies have assessed how the biodiversity impacts of 
fallows are moderated by landscape context (but see Korpela et al. 2013). 
This issue is related to the question of how fallows differ from other farmland 
biotopes such as semi-natural grasslands. Information on the topic is scarce, 
although a few studies comparing plant and insect communities in fallows 
and perennial margins have indicated that the biotopes have complementary 
roles in supporting species or ecosystem functioning (Alanen et al. 2011, Ma 
& Herzon 2014). In addition to non-crop habitats, comparing the species 
communities of fallows with those of croplands, such as cultivated 
grasslands, could help in developing fallowing schemes that create large 
ecological contrasts, thus effectively enhancing landscape- and regional-
level diversity. 
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Box 1. Environmental fallows in Finland 
 
The Finnish AES of Environmental Fallows, introduced in 2009, was one of 
the first national biodiversity-targeted fallow schemes in the EU. Since its 
introduction, environmental fallows have covered 5–7% (118 200–162 800 
ha) of Finnish agricultural land, which means that their potential impact on 
farmland biodiversity is considerable on the national scale. The scheme 
includes two main fallow types: long-term grassland fallows and biodiversity 
fields (Table 1). Along with promoting biodiversity, long-term grassland 
fallows aim to protect soil from erosion and nutrient leaching, improve soil 
structure and reduce pesticide use. Biodiversity fields are established for 
supporting wildlife and providing landscape amenity. They include sub-types 
of meadow fallow, game fields, landscape fields, and since 2015, bird fields. 
Each type is sown with specific seed mixtures designed to provide resources 
for pollinators, birds or game animals, or improve the landscape’s visual 
appearance. Meadow and bird fields have perennial vegetation, whereas 
game and landscape fields are annual fallow types. 
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2 AIMS OF THE THESIS 
The aim of this thesis is to examine the factors affecting biodiversity values 
of fallows on boreal farmland. The conceptual model of Kleijn et al. (2011) 
forms the theoretical framework for the thesis (Fig. 1). In particular, I focus 
on the impacts of different fallow types and landscape structure on the 
species diversity and community composition of plants, butterflies, 
bumblebees and birds. The studied species groups vary in functional traits, 
such as mobility and resource requirements, and are thus likely to respond 
differently to fallow types and landscape context. Specifically, I aim to 
answer the following three questions: 
 
? How do different fallow types support the diversity of plants (I, II), 
butterflies (II, III), bumblebees (II, III) and birds (II) on boreal 
farmland? The studied fallow types include perennial types of long-
term grassland fallow and short-term meadow fallow (I, II, III), and 
annual types of game and landscape fields (I). 
? How does the surrounding landscape modify the benefits of fallows 
(II, III)? The studied landscape variables are the amount of forest and 
perennial grasslands. 
? Does the conservation of rare species or species vulnerable to 
environmental changes require different fallow types and landscapes 
than the promotion of overall diversity (I, II, III)?  
 
Based on the results, I discuss the effectiveness of different fallowing 
strategies for biodiversity conservation from the perspectives of different 
conservation objectives. I also evaluate the role of the current Finnish AES 
of environmental fallows for biodiversity conservation in Finland, and 
suggest improvements to the scheme. 
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Figure 1 Biodiversity effects of conservation management on farmland depend on 
land-use intensity, landscape structure and conservation-induced ecological 
contrast in resource availability (Kleijn et al. 2011). Additionally, the responses of 
individual species to local management and landscape are determined by species 
traits (Gámez-Virués et al. 2015). This thesis focuses on the species diversity and 
community composition of multiple taxa in environmental fallows (papers I–III). The 
studied landscape factors are forest and perennial grassland covers (II, III), and the 
species traits are niche breadth and dispersal capacity (III). Fallow vegetation is 
compared to semi-natural habitats and cultivated grasslands to evaluate the 
ecological contrast between the biotope types (I). 
 
  
14 
 
3 MATERIALS AND METHODS 
3.1 FALLOW TYPES 
This study focuses on four fallow types that are included in the Finnish 
environmental fallow scheme: long-term grassland fallow, meadow fallow, 
game field and landscape field (Fig. 2). The main characteristics of the types 
are presented in Table 1. 
 
 
 
 
Figure 2 The studied fallow types are long-term grassland fallow (a), meadow fallow 
(b), game field (c) and landscape field (d). 
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3.2 FIELD STUDIES 
Data for the three papers (I–III) were collected in two separate field studies 
on environmental fallows. The vegetation survey (results reported in paper 
I) was performed in three regions of Finland during 2010–2011. The quasi-
experiment studying the impacts of perennial fallow types and landscape 
structure on the occurrence of plants, butterflies, bumblebees and birds 
(results reported in papers II–III) was conducted in Southern Finland in 2013. 
3.2.1 Vegetation survey 
The vegetation survey was carried out in the Uusimaa, Pirkanmaa and 
Pohjois-Pohjanmaa regions (Fig. 3). Uusimaa, located on the south coast of 
Finland, is a cereal production region. Despite intensive agriculture, species 
richness in agricultural landscapes is nationally high due to advantageous 
climatic conditions (Kivinen et al. 2006). Pirkanmaa, in south-western 
Finland, is an animal husbandry region. Farm and field sizes are smaller and 
landscape structure more fine-grained than in the other regions. The 
northernmost region Pohjois-Pohjanmaa is also characterized by animal 
husbandry. In this region, agriculture is mainly concentrated on the coastal 
lowlands. 
 
 
 
 
Figure 3 Location of the three study regions in Finland. Regional centres Helsinki 
(in Uusimaa), Tampere (Pirkanmaa) and Oulu (Pohjois-Pohjanmaa) are marked 
with dots. The figure contains data from the National Land Survey of Finland 
Municipal Division Database 01/2015. 
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Farms from each region were randomly selected from those situated within 
a 100-km distance of the regional centre (Fig. 3). A total of 229 fallows were 
selected according to the ratio 3:3:1:1, representing the four fallow types: 
long-term grassland fallow, meadow fallow, game field and landscape field. 
The higher proportion of perennial than annual fallows in the study was 
based on the assumption that the vegetation of the perennial fallow types 
would be more varying. Vegetation surveys were conducted in Uusimaa and 
Pohjois-Pohjanmaa in 2010, and in Pirkanmaa in 2011, between the end of 
June and mid-August. In addition, five randomly selected production 
grasslands were sampled in 2011 in the Uusimaa region.  
In the vegetation survey, vegetation height and density, and the 
coverage of individual plant species and bare ground were measured on 
12.5-m-long and 1-m-wide transects that were systematically placed within 
each fallow. The number of transects per fallow varied between one and 
four, depending on the area of the fallow (0–0.1 ha = 1 transect, 0.1–0.5 ha 
= 2 transects, 0.5–1 ha = 3 transects, ≥1 ha = 4 transects). The coverages 
of individual species were estimated using a 9-grade logarithmic scale (1 = 
0–0.125%, 2 = 0.125–0.5%, 3 = 0.5–2%, 4 = 2–4%, 5 = 4–8%, 6 = 8–16%, 
7 = 16–32%, 8 = 32–64%, 9 = 64–100%). Additionally, data on fallow age, 
yield level of the preceding crop and forest cover within a 1-km buffer around 
the fallow’s central point were collected to understand the factors affecting 
fallow vegetation. 
3.2.2 Quasi-experiment 
The quasi-experiment focusing on the impacts of perennial fallow types and 
landscapes structure on the occurrence of plants, butterflies, bumblebees 
and birds was performed in 40 perennial fallows in Southern Finland. The 
study fields were located in the Uusimaa region (Fig. 3), apart from four plots 
that were situated within a 10-km distance north of Uusimaa’s border. The 
experiment focused on two perennial fallow types: old grassland fallows (at 
least eight years old) and younger meadow fallows (three or four years old). 
Both were selected in four landscape types with different forest and 
perennial grassland cover (high forest and grassland cover, high forest and 
low grassland cover, low forest and high grassland cover, low forest and 
grassland cover). Forest and perennial grassland areas were calculated for 
a buffer with a 500-m radius around the central point of the fallow.  
Data on all studied species groups were collected in the fallows during 
the summer of 2013. Butterflies and bumblebees were counted four times in 
2-week intervals, from early June to late July, using the standard line 
transect method (Pollard & Yates 1993). The transects were 200 m long and 
divided into four 50-m-long sections. Plant data were collected in early July 
along two of the transect sections used in insect counting. The coverages of 
individual plant species, bare ground and litter were estimated in an area of 
50 m * 1 m using the same logarithmic scale as in the vegetation survey. 
Farmland birds were counted applying a combination of the point and 
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mapping methods (Bibby et al. 1992) with three visits from mid-May to late 
July. During the visit, birds were first observed from a vantage point for 10 
min, after which the field was crossed at 100 m intervals. The counter 
recorded observations of territorial behaviour, foraging or other registrations, 
except those observed during flight, within the fallow and at its edges. For 
analyses, birds were divided into open farmland species, which both breed 
and forage on fields, and edge species, which forage on fields but nest in 
forest edges or trees and bushes along field margins.  
3.3 SPECIES TRAITS 
For butterflies and bumblebees, the impacts of fallow type and landscape 
structure were examined in respect to two species traits – niche breadth and 
dispersal capacity (III). These traits are thought to be key factors modifying 
the responses of flower-visiting insects to habitat loss and fragmentation 
(Bommarco et al. 2010, Öckinger et al. 2010, Warren et al. 2001). Trait data 
were compiled from the existing literature. Niche breadth was expressed as 
the adult habitat breadth of butterflies (Komonen et al. 2004) and the diet 
breadth of bumblebees as measured by tongue length (Bäckman & Tiainen 
2002). The wing span of butterflies (Kuussaari et al. 2014, Marttila et al. 
1990) and body size of bumblebees as measured by inter-tegular distance 
(Bommarco et al. 2010, Greenleaf et al. 2007) were used as proxies of 
dispersal capacity. 
3.4 STATISTICAL ANALYSES 
3.4.1 Linear models 
The characteristics of fallows and the surrounding landscape modifying the 
species richness, abundance and trait composition of the studied species 
groups were examined using general linear models (I), general linear mixed 
models (I) and generalized least squares models (II, III). The response 
variables were plant species richness (I, II), the species richness and 
abundance of bumblebees, butterflies and birds (II), and the mean niche 
breadth and dispersal capacity of butterfly and bumblebee species and 
individuals (III). 
General linear models with the hypothesis testing approach were used 
to examine the factors affecting plant species richness in fallows in paper I. 
The species richness of all study plots was modelled in respect to the region, 
fallow type and their interaction. In addition, the species richness of 
perennial fallows was modelled separately using region, fallow type and the 
following covariates as explanatory variables: field size, age of fallow, 
vegetation structure, variations in height and density, and forest cover in the 
surrounding landscape. To clarify the impact of field size on vegetation 
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diversity, the same models were also run using transects as a sample unit 
and plots as a random factor in the general linear mixed model.  
The information theoretic approach was applied in papers II and III to 
identify the contributions of fallow types, and forest and grassland cover in 
the surrounding landscape to the species richness of plants, butterflies, 
bumblebees and birds (II), and the mean niche breadth and dispersal 
capacity of butterfly and bumblebee communities (III). For each response 
variable, a set of nine competing models were built by including one to three 
of the following factors as explanatory variables: fallow type, the two 
landscape factors (forest and perennial grassland cover) and the two-way 
interactions among them. To capture spatial dependencies between 
sampling sites, a spatial Gaussian correlation structure was included in the 
models. The candidate models were compared using the Akaike Information 
Criterion, corrected for small sample sizes (AICc). Models with ∆AICc < 2 
were considered equally good. In paper III, model averaging was performed 
over the best models to facilitate multi-model inference. 
3.4.2 Ordination methods 
Ordination methods were used to study the community composition of 
plants, butt erflies and bumblebees in fallows. Non-metric multidimensional 
scaling (NMDS) was employed in paper I to compare the plant composition 
among the four fallow types in the three study regions. In the Uusimaa 
region, fallow vegetation was also compared to that of cultivated grasslands, 
margins, and semi-natural meadows and pastures. Plant data on the semi-
natural habitats were obtained from the national monitoring programme on 
the efficiency of the agri-environmental programme (MYTVAS), where 
similar field methods were used for the vegetation surveys. To test 
differences in plant species composition between the biotope types, the 
multi-response permutation procedure (MRPP) was applied. Based on the 
results of the NMDS, hierarchical clustering was performed using Ward’s 
method. 
In paper III, redundancy analysis (RDA) with Chord-transformed 
species data was performed to test the relationships between the species 
composition of flower-visiting insects and environmental variables. The 
environmental variables included local factors of fallow type and vegetation 
characteristics, and landscape factors of forest and grassland cover. 
Forward model selection by Monte Carlo permutation tests was conducted 
to identify the most important environmental variables explaining the species 
composition of butterflies and bumblebees.  
Indicator species analysis (Dufrêne & Legendre 1997) was 
additionally employed to identify species associated with particular fallow or 
landscape types. Butterfly and bumblebee species with significant indicator 
values were reported in paper III. In this thesis, examples of indicator 
species are also shown for plants and birds. 
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4 RESULTS AND DISCUSSION 
The two field studies produced novel information concerning the factors 
affecting the species diversity and community composition of multiple taxa 
in environmental fallows on boreal farmland. The vegetation survey, which 
encompassed four fallow types and three agricultural regions, provided a 
comprehensive overview on the habitat types developed under the Finnish 
environmental fallow scheme. The quasi-experiment was unique in 
simultaneously examining the impacts of fallow type and landscape 
structure on plants, butterflies, bumblebees and birds. The main results are 
summarized in Table 2. Examples of species associated with particular 
fallow and landscape types are provided in Table 3. 
 
Table 2 Main results of papers I–III.  
 
Paper  Main results 
I ● Plant species richness and composition significantly differed between 
the four fallow types. 
 ● Highest plant species richness was observed on meadow fallows, 
while game fields had the lowest richness. 
 ● Grassland fallows were the most diverse fallow type in terms of 
vegetation diversity and composition, reflecting variation in age and 
management practices. 
  ● Vegetation of the annual fallow types was distinct from the perennial 
fallows and the other non-crop biotope types. 
II ● Plant, butterfly, bumblebee and bird communities differed between 
fallow and landscape types. 
 ● Butterflies were most abundant in long-term grassland fallows and 
bumblebees in short-term meadow fallows. 
 ● Species richness of plants and butterflies was highest in landscapes 
with high forest cover. 
 ● Breeding birds of open farmland were most abundant in short-term 
meadow fallows in grassland-rich landscapes. 
  ● Foraging edge birds used short-term meadow fallows in open 
landscapes and long-term grassland fallows in forested landscapes. 
III ● Species composition of butterflies and bumblebees was strongly 
related to forest cover in the surrounding landscape. 
 
● Mean niche breadth and dispersal capacity of butterfly and 
bumblebee communities were more related to fallow type and 
perennial grassland cover than to forest cover. 
 
● Butterfly species with narrow habitat breadth and poor dispersal 
capacity were relatively most abundant in long-term grassland fallows 
in landscapes rich in perennial grasslands. 
  
● Diet breadth of bumblebees was narrower in long-term grassland 
fallows than in short-term meadow fallows. 
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4.1 IMPACTS OF FALLOW TYPE AND LANDSCAPE ON 
THE DIVERSITY AND COMPOSITION OF ECOLOGICAL 
COMMUNITIES IN FALLOWS 
4.1.1 Vascular plants 
A total of 251 plant species were recorded in the two field studies. The most 
frequent species were Elymus repens, Ranunculus repens and Phleum 
pratense. Vascular plant species richness and composition significantly 
differed between the fallow types, reflecting differences in seed mixtures, 
management and fallow age (I). Species richness was highest in meadow 
fallows, which appeared to be due to the alternative seed mixtures 
containing low competitive grasses and meadow plants, and allowing for the 
establishment of numerous weeds from the seedbank. Grassland fallows 
established with common competitive grassland mixtures could also develop 
diverse swards when retained on the same field for several years. When 
three- to four-year-old meadow fallows and eight-year-old and older 
grassland fallows were compared, the plant species richness was equal at 
the two types (II). Temporal changes in plant species richness appear to be 
related to compositional changes from annual to perennial vegetation. As 
previously reported (Kovács-Hostyánszki et al. 2011, Steffan-Dewenter & 
Tscharntke 1997, Tscharntke et al. 2011), high species richness can be 
achieved in the early stages of succession when both annual and perennial 
species are present. A rapid decrease of annuals after the first years may 
lower the overall diversity, which could be seen in the meadow fallows. 
However, in long-term, plant species richness may increase with fallow age 
(Van Buskirk & Willi 2004).  
Grassland fallows constituted the most heterogeneous fallow type in 
terms of plant species composition (I). The type includes grasslands that are 
kept in place for varying time periods ranging from two years to several 
decades, which have been established for different purposes, and are 
managed under various regimes. Some grassland fallows resembled 
production grasslands, while others had vegetation similar to semi-natural 
meadows. A few grassland and meadow fallows harboured plant species 
nationally classified as rare or endangered. These species were Ajuga 
pyramidalis, Dianthus deltoides, Galium verum, Trifolium aureum and 
Trifolium spadiceum. Meadow fallows and the annual fallow types formed 
more homogeneous groups than grassland fallows. Their vegetation was 
strongly affected by seed mixture and establishment success (Table 3). 
Game fields and landscape fields were dominated by annual vegetation, 
while meadow fallows were characterized by a combination of annuals and 
perennials.  
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When compared to the other farmland biotopes (I), meadow fallows 
had species richness equal to semi-natural meadows, and even game fields 
harboured twice as many plant species as conventionally managed cereal 
fields (Salonen et al. 2011). Apart from the grassland type, the vegetation 
composition of fallows clearly differed from the other non-crop biotopes, thus 
creating landscape-wide diversity. These results support the idea that 
fallows help to maintain vegetation diversity on intensively cultivated 
farmland, although only a few fallows have plant communities of 
conservation interest (Boatman et al. 2011, Denys & Tscharntke 2002, 
Firbank et al. 2003, but see exception in Steffan-Dewenter & Tscharntke 
1997).  
Higher plant species richness was observed in the perennial fallows of 
forested rather than open landscapes (II) (Fig. 4), which was probably due 
to the enhanced colonization of fallows by species typical to forest edges. 
Furthermore, plant species richness in perennial fallow types was positively 
affected by field size, variation in sward height and fallow age (I). In contrast, 
dense and high vegetation structure and the high fertility level of a field were 
negatively related to species richness (I). Among the study regions, plant 
species richness was highest in Pirkanmaa, characterized by the most fine-
grained landscapes, and lowest in the northernmost region Pohjois-
Pohjanmaa (I). Two previous monitoring studies of semi-natural habitats on 
Finnish farmland have shown geographical location to explain the greatest 
part of the variation in plant species composition and diversity (Kivinen et al. 
2006, Tarmi et al. 2009). These studies have found higher species richness 
in Southern and Eastern Finland compared to that in the northern and 
western parts of the country (Kivinen et al. 2006, Tarmi et al. 2009). 
4.1.2 Butterflies and bumblebees 
A total of 35 species and 2396 individuals of butterflies, and 14 species and 
1458 individuals of bumblebees were recorded in the quasi-experiment. The 
most abundant butterfly species were Aphantopus hyperantus, Thymelicus 
lineola and Ochlodes sylvanus. Individuals of the Bombus lucorum group, B. 
pascuorum and B. lapidarius were the most abundant bumblebees. 
Short-term meadow fallows and long-term grassland fallows supported 
different species assemblages of flower-visiting insects (II, III) (Fig. 4, Table 
3). Meadow fallows, which provided more flowering plants than grassland 
fallows, attracted high numbers of bumblebees (II), although mainly of a few 
generalist species (III). This result is comparable with previous studies 
reporting that the occurrence of bumblebees is largely driven by the 
abundance and diversity of floral resources (Alanen et al. 2011, Kuussaari 
et al. 2011, Scheper et al. 2015). In contrast, butterflies were more abundant 
in grassland fallows, and their species richness was highest in grassland 
fallows of forested landscapes (II). Butterflies generally have lower dispersal 
capacity than bumblebees, and their occurrence is driven by the availability 
of larval food plants, along with nectar and pollen, which makes them more 
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dependent on landscape complexity and long-term habitat management 
(Alanen et al. 2011, Kuussaari et al. 2011, Steffan-Dewenter & Tscharntke 
1997). Forests may support butterflies by providing both shelter (Merckx et 
al. 2010), and adult and larval food (Öckinger et al. 2012a). 
Long-term grassland fallows and landscapes with high cover of 
perennial grasslands best supported species with narrow niches and poor 
dispersal capacities (III) (Fig. 4): the mean habitat breadth of butterflies was 
narrowest in long-term grassland fallows in landscapes rich in perennial 
grasslands. The dispersal capacity of butterflies was also poorest in 
grassland-rich landscapes. The diet breadth of bumblebees was narrower in 
long-term grassland fallows than in short-term fallows. The positive impacts 
of perennial grasslands on specialist and sedentary butterflies are 
interesting, as they suggest that species vulnerable to environmental 
changes are not solely dependent on semi-natural habitats, but may also 
benefit from the occurrence of cultivated grasslands. However, the impacts 
of perennial grasslands can be both direct and indirect: grasslands may 
soften the arable matrix otherwise dominated by annual crops, thus 
facilitating dispersal among more suitable habitat patches. High perennial 
grassland cover may also indicate crop diversity or the occurrence of 
species-rich remnants of semi-natural grasslands in the landscape (Cousins 
2006). 
Forest cover in the surrounding landscape also affected the species 
composition of bumblebees and butterflies in perennial fallows, but the 
impacts on the relative abundance of species with narrow niches or low 
dispersal capacities were not as strong as those of perennial grasslands and 
fallow type (III). High forest cover in the study region (an average forest 
cover of 26% in “open” and 54% in “forested” landscapes) may partly explain 
the difference to the previous studies reporting the positive impacts of forest 
on specialist and less mobile lepidopteran species in semi-natural 
grasslands and field margins (Krämer et al. 2012, Merckx et al. 2010, 
Öckinger et al. 2012a). An increase in forest cover in forested landscapes 
may heighten the isolation of grassland habitat patches instead of increasing 
connectivity between them (Klaus et al. 2015, Ricketts et al. 2001). Along 
with landscape structure, species composition of butterflies was affected by 
the vegetation structure of a fallow: most species benefited from the high 
cover of bare ground, although a few species preferred dense swards (III). 
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Figure 4 Responses of the studied species groups to two perennial fallow types 
and four landscape types. Species symbols indicate high species richness or 
abundance, or high relative abundance of species vulnerable to environmental 
changes (i.e. species with narrow niches or poor dispersal capacities). Double 
symbols denote that more than one of the measured biodiversity indicators for the 
species group had high values. 
4.1.3 Birds 
A total of 15 bird species, 200 territories and 181 foraging bird individuals 
were recorded in the quasi-experiment. Species with highest number of 
territories were Sylvia communis and Saxicola rubetra. Carduelis carduelis 
was the most abundant foraging edge bird in the fallows. 
Many previous studies have highlighted the importance of short-term 
rotational fallows as breeding and feeding sites for farmland birds (Firbank 
et al. 2003, Henderson et al. 2000, Hyvönen & Huusela-Veistola 2011, 
Tscharntke et al. 2011). This study showed that both short-term meadow 
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fallows and long-term grassland fallows can provide habitats for birds, but 
the suitability of the fallow types is strongly dependent on landscape context 
(II) (Fig. 4). Furthermore, the impacts were different for open farmland birds 
and edge species. The breeding density of open farmland birds was highest 
in the meadow fallows of landscapes rich in perennial grasslands. However, 
long-term grassland fallows supported more breeding pairs in landscapes 
with low perennial grassland cover. This may be interpreted as a “rare 
habitat effect”: rare habitat types provide resources additional to those 
available in the landscape, and are thus of a particular importance to mobile 
species (Wretenberg et al. 2010). Foraging edge birds were most abundant 
in the meadow fallows of open landscapes, which may be due to the 
abundant seed food provided by arable weeds (II). In forested landscapes, 
long-term grassland fallows were used slightly more for foraging than 
meadow fallows. The results are noteworthy, as so far, no studies have 
examined the use of fallows for foraging in relation to landscape context.   
4.2 PROMOTING DIFFERENT CONSERVATION 
OBJECTIVES THROUGH FALLOWS 
My results show that fallows provide a flexible conservation tool that can be 
adjusted to serve different biodiversity objectives (Table 4). Conservation 
objectives on farmland are typically divided into the objectives addressing 
the intrinsic values of biodiversity and those focusing on functional 
biodiversity (Kleijn et al. 2011, Macfadyen et al. 2012, Smith et al. 2010). 
Within intrinsic biodiversity objectives, it may be useful to distinguish 
between the promotion of overall biodiversity and species of conservation 
concern, which may also require different conservation strategies (Korpela 
et al. 2013).  
Intrinsic biodiversity values can best be enhanced by managing long-
term fallows in complex landscapes (Fig. 4). For the promotion of species of 
conservation concern, long-term fallows in landscapes with high perennial 
grassland cover appears to be the best strategy, as these fallows supported 
flower-visiting insects with narrow niches and low dispersal capacities (III). 
Some old grassland fallows also generated meadow-type vegetation and 
harboured rare meadow plants (I, II).  Though the management and 
restoration of traditional rural biotopes are the primary conservation tools for 
rare and endangered species in agricultural landscapes (Arponen et al. 
2013, Krauss et al. 2010, Öckinger et al. 2010, Rassi et al. 2010), long-term 
fallows can complement the conservation strategy: as a less demanding and 
more widely available measure they can be implemented on a large scale to 
provide resources for species that are declining or vulnerable to future 
environmental changes. The benefits of long-term fallows were emphasized 
in landscapes rich in perennial grasslands. This is in line with previous 
studies suggesting that conservation initiatives targeted at species of 
conservation concern should focus on areas with low-intensity farming 
systems and complex landscapes (Kleijn et al. 2011, Smith et al. 2010).  
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High species diversity can be achieved in both short- and long-term 
fallows. The use of a diverse seed mixture is important especially in annual 
and short-term perennial fallows (I). In long-term fallows, the diversification 
of fallow vegetation can be supported by appropriate management such as 
extensive grazing, late-summer mowing and biomass removal, or 
scarification (Pykälä 2005, Pywell et al. 2007, Tarmi et al. 2011, Tilman & 
Isbell 2015). As regards to landscape positioning, establishing perennial 
fallows in less productive fields, often situated next to forests, appears 
reasonable not only on economic but also on ecological grounds (I, II). 
Placement is especially important for long-term fallows (II), since the 
colonization of new species from surrounding habitats diversifies species 
communities over the years.  
However, the assessment of the biodiversity benefits of fallows should 
not be limited to the field scale, as many organisms respond to the 
environment at larger spatial scales (Benton et al. 2003, Gabriel et al. 2010). 
Although local alpha diversity is usually correlated with landscape-wide beta 
diversity, the latter has been reported to contribute more to overall 
biodiversity in agricultural landscapes (Clough et al. 2007, Flohre et al. 
2011). Landscape heterogeneity can also buffer the effects of in-field 
management intensification to functional homogenization of communities 
(Gámez-Virués et al. 2015). From that point of view, the establishment and 
management of fallows should aim at creating habitat heterogeneity at the 
landscape scale (Benton et al. 2003). As many grassland fallows closely 
resemble production swards (I), they should be primarily established in 
landscapes with low perennial grassland cover. Along with the enhancement 
of biodiversity, grassland fallows in these landscapes may also provide other 
environmental and agronomic benefits: for example, they can diversify crop 
rotations, improve soil structure, and reduce erosion and nutrient leaching. 
Meadow fallows and annual fallow types form more distinct vegetation types 
than grassland fallows (I), and have thus the potential to enhance habitat 
heterogeneity in a wider array of landscapes. This conclusion is also 
supported by the result that, in landscapes with high grassland cover, the 
density of open farmland birds was higher in short-term meadow fallows than 
in grassland fallows, whereas the reverse was true in landscapes with low 
grassland cover (II). The strong impact of forest cover on the species 
composition of bumblebees and butterflies (III) suggests that the promotion 
of species diversity in these groups requires the establishment of fallows in 
both open and forested landscapes. 
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An important question regarding the intrinsic biodiversity value of 
fallows is which part of the species’ responses to fallows results from 
population-level responses, and what is caused by behavioural responses 
(Kleijn et al. 2011). The present study cannot be used to infer population-
level effects of fallowing – that would require monitoring in areas with and 
without fallows, preferably for several years. However, given the large area 
of fallows in Finland, population-level impacts are probable. Previous studies 
in Europe and North America have linked large-scale population trends of 
farmland birds to set-aside policies (Herkert 2009, Wretenberg et al. 2008). 
For insects, some indication of population-level effects was provided in a 
long-term fallow experiment in Finland, where lepidopteran species richness 
and abundance increased gradually over six years (Alanen et al. 2011). 
Fallows can also be designed to promote ecosystem services by 
choosing seed mixture and management according to targeted organism 
preferences (Fiedler et al. 2008, Ramsden et al. 2015, Wratten et al. 2012). 
Ecosystem services were not directly studied in the present study. However, 
short-term meadow fallows attracted high numbers of bumblebees (II), 
which are important pollinators for many field crops (Goulson 2003, Kleijn et 
al. 2015). The fact that the observed bumblebees were mostly of a few 
generalist species does not necessarily reduce the fallows’ value for 
pollination, as common generalist species contribute most to ecosystem 
services (Kleijn et al. 2011, 2015, Winfree et al. 2015). The abundance or 
even species richness of bumblebees were not dependent on the studied 
landscape features (II). This supports the idea that the promotion of 
ecosystem services should be focused on intensively cultivated areas, 
where the potential benefits of the enhanced services are largest (Kleijn et 
al. 2011).   
4.3 LANDSCAPE MODERATION OF BIODIVERSITY 
EFFECTS  
Although the importance of landscape context in moderating the biodiversity 
impacts of AES is well established (Batáry et al. 2011, Scheper et al. 2013, 
Tscharntke et al. 2005, 2012), there is a lack of empirical research that 
systematically examines which landscape characteristics are most important 
in determining the management effects on biodiversity (Tscharntke et al. 
2012). When landscape context is included in studies, it is usually expressed 
as landscape complexity, defined simply as the total percentage of semi-
natural habitats (Batáry et al. 2011, Scheper et al. 2013, Tscharntke et al. 
2005, Winqvist et al. 2011). My results highlight two focal problems of this 
approach. First, forests strongly influence the diversity and composition of 
ecological farmland communities (II, III). However, the impacts of forests 
probably differ from those of open semi-natural habitats. Although the forest 
matrix and forest edges usually support insect and plant diversity on 
31 
 
farmland (Kivinen et al. 2006, Krämer et al. 2012, Merckx et al. 2010, 
Öckinger et al. 2012b, Ma et al. 2013), forests may also constitute a barrier 
for low-dispersing species (Klaus et al. 2015, Öckinger et al. 2012b, Ricketts 
et al. 2001) and reduce the availability of more suitable grassland habitats. 
Understanding the specific role of forests is thus essential in areas with high 
forest cover. 
Secondly, the impacts of perennial grasslands on the occurrence of 
farmland birds (II) and butterflies with narrow niches and poor dispersal 
capacities (III) proved that the evaluations of landscape-moderated effects 
of AES should not focus only on semi-natural habitats, but also consider the 
quality of arable matrix (Billeter et al. 2008, Scheper et al. 2013, Tscharntke 
et al. 2005). In Finland, perennial cultivated grasslands are the most 
common type of field use after spring cereals (Natural Resources Institute 
Finland 2015). Even intensively managed grasslands can provide suitable 
foraging resources, and nesting and overwintering sites for several taxa 
(Marini et al. 2012, Werling et al. 2014). Taking fallow fields into account is 
even more important – in the present study, meadow fallows supported 
vegetation diversity equal to semi-natural meadows (I). Besides providing 
habitats for wildlife, both fallows and cultivated grasslands may make an 
intensively cultivated agricultural matrix less hostile for dispersing species, 
thus promoting movement among highly fragmented semi-natural 
grasslands. In future studies assessing the landscape-moderated effects of 
AES, incorporating such potentially important land-use types, or a measure 
of land-use diversity, would be reasonable. 
4.4 IMPLICATIONS FOR AGRI-ENVIRONMENTAL POLICY 
Environmental fallows can significantly contribute to the biodiversity of 
intensively cultivated boreal landscapes. Environmental fallows in Finland 
currently cover 8% of all agricultural land, and are relatively evenly 
distributed in different agricultural regions of the country (Natural Resources 
Institute Finland 2015). The popularity of the scheme can be explained by 
fair compensation rates combined with poor profitability of agricultural 
production, along with the fact that fallows are easily implementable on any 
farm, as no special machinery or redesign of the cropping system are 
needed. The voluntariness of the scheme and high freedom in management 
regimes (use for fodder/pasture, mowing at any time) concurrently make the 
area and management of environmental fallows sensitive to changes in 
production environment such as agricultural commodity prices. Maintaining 
the established ecological network in the long-term is thus a challenge. 
Currently, the majority of environmental fallows in Finland are of the 
grassland type. Encouraging farmers to establish other fallow types, 
especially meadow fallows, would be beneficial for overall biodiversity. This 
could be done by adjusting compensation rates, promoting the availability of 
reasonably priced seed mixtures suitable to Finnish conditions and securing 
advisory support.  
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Large variation of grassland fallows in vegetation diversity and 
composition presents the question of the cost-efficiency of action-based 
fallow schemes. Like most AES, the Finnish environmental fallow scheme 
rewards farmers for specific management actions, although the same action 
can lead to different biodiversity outcomes depending on the environmental 
conditions and management histories. Results-oriented AES, which focuses 
on paying farmers for achieved biodiversity outcomes, could provide a more 
efficient way for biodiversity conservation through fallows (Hasund 2013, 
Matzdorf & Lorenz 2010). Results-oriented schemes would also encourage 
farmers to take their own initiative in developing the most optimal 
management regime for target species, thus promoting cultural and 
attitudinal change (Burton & Schwarz 2013, Schroeder et al. 2013). For the 
successful implementation of result-oriented schemes, it is crucial to 
develop effective biodiversity indicators that are measurable, identifiable and 
consistent with the scheme’s goals along with securing sufficient advisory 
support for farmers (Burton & Schwarz 2013, Matzdorf et al. 2008, 
Schroeder et al. 2013).  
Information from the present study can be utilized for the development 
of a results-oriented payment approach for farmland biodiversity 
management in Finland (Birge et al., in prep.). Based on my data, it is 
possible to compile a list of easily identifiable species associated with 
diverse plant and animal communities in fallows. These species could be 
used as indicators to determine the compensation rate for a fallow. Indicator 
species for grassland fallows might include the red-listed plant species 
registered in the vegetation surveys, along with the more common meadow 
plants such as Fragaria vesca and Hypericum species. Plants that provide 
resources for endangered animal species could also be included on the list. 
An example is Valeriana sambucifolia, the larval food plant of the 
endangered butterfly Melitaea diamina (Wahlberg 1998). The plant species 
was found in 4% of grassland fallows. However, as V. sambucifolia is difficult 
to differentiate from its close relative V. officinalis, classifying both plant 
species as indicators would be necessary. 
My results also have implications for the ecological focus area 
requirement, introduced in the recent CAP reform as a part of ‘greening’, i.e. 
an attempt to promote environmental sustainability in agriculture (European 
Commission 2013). Since 2015, every farmer in the EU with more than 15 
hectares of arable land is obliged to cover at least 5% of it by ecological 
focus areas such as fallows, nitrogen-fixing crops and landscape features. 
The measure includes exemptions for farms, which consist more than 75% 
of grasslands, along with regions with more than 50% of forest cover (this 
applies to most farms in Finland). On the basis of my results, these 
exemptions are without ecological grounds. Fallows in landscapes rich in 
perennial grasslands benefited butterfly species most vulnerable to 
environmental changes, whereas high forest cover supported the high 
species richness of butterflies and plants. Focusing fallows on the most 
intensively farmed areas with low forest and grassland cover is thus likely to 
reduce the intrinsic biodiversity values of fallowing, although it may be 
justified if the primary objective is to promote ecosystem services.  
33 
 
5 CONCLUSIONS AND FUTURE 
PERSPECTIVES 
My thesis produced new information on utilizing environmental fallows to 
enhance different biodiversity objectives in varying landscapes. Species 
groups differed in their responses to fallow types and landscape. 
Furthermore, the impacts of a particular fallow type were modified by the 
landscape settings. Based on my results, I recommend a combination of the 
two main strategies to enhance the biodiversity benefits of fallowing: 
 
? Highly dispersing generalist species particularly benefit from short-
term fallows that are sown with diverse seed mixtures. These species 
contribute most to ecosystem services. The fast establishment of 
high plant diversity or vegetation that provides target organisms with 
specific plant resources, such as nectar and pollen or seed, is the 
main objective for the management of these fallows. The fallows 
should be primarily established in 1) intensively cultivated 
landscapes, where the potential benefits of the enhanced ecosystem 
services are largest, and 2) open landscapes rich in perennial 
grasslands, where they create larger ecological contrasts than 
grassland fallows, thus promoting overall diversity. 
? Long-term fallows in landscapes with high forest and perennial 
grassland cover best promote intrinsic biodiversity values. These 
fallows support high species richness and may also harbour rare 
meadow plants and specialist insects with low dispersal capacity. 
The retention of already diverse old fallows should be the first priority. 
When new long-term fallows are established, they should be placed 
in less productive fields and complex landscapes.  
 
Future AES evaluations should strive for more comprehensive 
understanding of what landscape features most affect the specific 
biodiversity objectives. Based on my results, I argue that the role of forest 
and perennial grasslands in driving the effectiveness of AES should be 
considered at least in areas where they are abundant. Furthermore, my 
results highlight the importance of including multiple species groups and 
conservation approaches in AES evaluation, to make realistic conclusions 
on the schemes’ value for biodiversity. The impacts of AES, including 
fallows, on large-scale population trends of farmland species also deserve 
attention in future studies.  
A relevant issue not covered in this study is the appropriate 
management of fallows. While management by cutting and biomass 
removal, or grazing usually positively impact the plant species diversity of 
grasslands (Pykälä 2005, Tarmi et al. 2011), it does not necessarily serve 
all organism groups. For example, mowing may adversely affect the density 
and diversity of grassland arthropods (Schmidt et al. 2008), and reduce the 
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breeding success of ground-nesting birds (Vickery et al. 2001). Future 
studies should thus search for the best combinations of fallow type, 
landscape and management regime for the promotion of different species 
groups and biodiversity objectives. This would allow focusing management 
to sites that most benefit from it. Investigating new management methods 
would also be worthy of attention. For example, splitting fallows into strips 
that are mowed in different years or at varying heights would create variation 
in sward structure, thus enhancing the overall diversity within a fallow (Cizek 
et al. 2012, Schmidt et al. 2008). As meadow fallows proved, fallows do not 
need to resemble any existing or historical ecosystem in the area to 
contribute to biodiversity (Jackson & Hobbs 2009). Acknowledging the role 
of novel ecosystems does not diminish the importance of the simultaneous 
conservation of historical ecosystems, such as traditional rural biotopes, 
where still viable (Hobbs et al. 2014, Jackson & Hobbs 2009).  
Along with biodiversity conservation, environmental fallows can 
provide a wide variety of other environmental benefits such as water 
protection or landscape amenity (Odgaard et al. 2013, Smith et al. 2008, 
Stoate et al. 2009). They can also be designed to provide agriculture with 
specific ecosystem services including pollination and biological pest control 
(Carvell et al. 2007, Fiedler et al. 2008, Ramsden et al. 2015, Wratten et al. 
2012). However, this requires a lot of information on the impacts of seed 
mixture, management and environmental factors on the target and non-
target organisms in fallows. Indiscriminate fallowing may not only be 
ineffective in producing environmental or agronomic benefits, but it can also 
cause damage to crops, e.g. by aggravating weed problems, which in turn 
may result in an increased use of herbicides. Currently, the potential of 
fallows is poorly exploited due to untargeted fallow schemes and lack of 
knowledge. As suggested before (Bommarco et al. 2013, Deguines et al. 
2014, Doré et al. 2011, Tittonell 2014), future studies should address the 
question of how fallows could more effectively be integrated into agricultural 
production systems as a part of ecological intensification to help reduce 
dependency on anthropogenic inputs and stabilize yields while producing 
multiple environmental benefits. 
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